Correspondence 3 1 A, photosynthetic rate; C c , CO 2 concentration at carboxylation sites; CE, apparent Rubisco activity;
pot was mixed into the soil, and, 30 days after transplanting, 1.3 g of urea per pot was top-dressed. For 1 1 3 each genotype, 10 pots were grown and random arranged. To avoid water stress, at least a 2-cm water 1 1 4 layer was maintained. Seven weeks after transplanting, half of the pots of each genotype were irrigated 1 1 5 with 1 l of 150 mM NaCl solution every two days for one week. All of the measurements were 1 1 6 performed in fully expanded young leaves. Gas exchange was measured in a growth chamber between 8:30 and 16:00 and measurements 1 2 0 were carried out on the newly and fully expanded leaves of three plants in each treatment. Gas 1 2 1 exchange was measured using a Licor-6400 portable photosynthesis system equipped with a 1 2 2
Li-6400-40 chamber (LI-COR Inc., Lincoln, NE). In the leaf chamber, the PPFD was maintained at 1 2 3 1200 μ mol m -2 s -1 , a leaf-to-air vapor pressure deficit (VPD) at 1.5-2.0 kPa, and a CO 2 concentration 1 2 4 adjusted to 400 μ mol m -2 s -1 with a CO 2 mixer. The block temperature during measurements was 1 2 5 maintained at 28 o C. After equilibration to a steady state (usually more than 20 min after clamping the 1 2 6 leaf), the gas exchange parameters, steady-state fluorescence (F s ) and maximum fluorescence (F m`) 1 2 7
were recorded. The actual photochemical efficiency of photosystem II (Φ PSII ) was calculated as The electron transport rates (ETR) were computed as follows:
where α is the leaf absorbance, and β represents the distribution of electrons between PSI and PSII. were the same as those described above, except that PPFD was controlled across a gradient of 2000, and the salt stressed leaves ( Fig. S1 B) , thus the average value for all the genotypes were used in the 1 4 3 current study. The mesophyll conductance of CO 2 (g m ) was calculated based on the variable J method described 1 4 5
in (Harley et al. 1992) . In this method, the CO 2 concentration in the chloroplast (C c ) was calculated as respiration, which was assumed to be half of the dark respiration rate (R dark ). Г * is related to the 1 5 0
Rubisco specific factor (S C/O ), which is relatively conserved under a given temperature condition. In 1 5 1 the present study, rice S C/O at 28 o C was obtained from Hermida-Carrera et al. (2016) . Then, g m was 1 5 2 calculated as follows:
where C i represents the intercellular CO 2 concentration. Harley's method to compare with other parameters in the manuscript, while a good correlation was Dark respiration (R dark ) was measured by Li-Cor 6400 after A-C i curves were performed. Before 1 7 5
the R dark was measured, rice plants were acclimatized to darkness for at least 2.0 h. In the Li-Cor leaf 1 7 6 chamber, the ambient CO 2 concentration was adjusted to 400 µmol mol −1 using a CO 2 mixture, the 1 7 7 block temperature was maintained at 28 o C, the PPFD was 0 µmol m −2 s −1 , the leaf-to-air vapor 1 7 8 pressure deficit (VPD) was between 1.1 and 1.5 kPa, and the flow rate was 100 mol s −1 . After the leaf 1 7 9
reached a steady state, usually after 10 min, gas exchange parameters were recorded. Limitation analysis is a helpful tool to quantify the stress effects of changes in various factors on limitations were calculated according to Grassi and Magnani (2005) . To assess the effects of salinity on changes in photosynthetic limitations in each genotype and 1 9 1 treatment duration, the relative limitations were linked to overall changes in A:
where LS, LM and LB are the reduction fractional limitation in A caused by reduction in stomatal 1 9 4
conductance, mesophyll conductance and biochemistry, respectively. In the current study, the 1 9 5 photosynthetic parameters of control were defined as the references. Chlorophyll fluorescence parameters were measured at pre-dawn to investigate the F v /F m . A After seven-days salt treatment, the fully expanded young leaves were sampled after taking a 2 0 5 picture for leaf area estimation, and were dried under 80 o C to a constant weight. The dry samples were Health, Bethesda, MD ).
Determination of the total soluble protein, Rubisco and Chlorophyll content 2 1 3
Leaf samples were harvested in the morning of the seventh-day after NaCl treatment, and water several times and then dyed in 0.25% commassie blue staining solution for 9 h and decolorized 2 2 2 until the background was colorless. Then, the Rubisco was transferred into a 5-ml cuvette with 1.5 ml were measured at 595 nm (Infinite M200, Tecan U.S., Inc) using the background glue as a blank, and 2 2 5 bovine serum albumin (BSA) as the standard protein. Osmotic potential measurements 2 2 8
The fully expanded young leaves were sampled in the morning of the seven-day after NaCl 2 2 9 treatment. The leaf samples were immersed in liquid nitrogen and then stored at -80°C until measured.
The leaf osmotic potential was measured by using a vapor pressure osmometer (VAPRO 5520, Wescor 2 3 1
Inc., Logan, Utah). with mean values to test the correlations between parameters. Regressions were fitted with (https://cran.r-project.org). We observed substantial variations in the responses of chemical composition, photosynthetic 2 4 2 traits, chlorophyll fluorescence as well as the osmotic potential of salinity in rice (Fig. 1) . The salinity 2 4 3 responses of those traits also varied with genotype; overall, N22 was more tolerant of salinity than the 2 4 4 other three genotypes. Overall, the leaf Na + , P and K content in salt-stressed rice increased significantly after seven only LYP9 and TXZ25 showed statistical significance (Fig. 4 ). However, F v /F m showed no difference 2 7 0 between the control and salinity in all of the estimated genotypes ( Fig. 4B ). in contrast, qN exhibited 2 7 1 an increasing tendency in salt stressed leaves, while only TXZ25 exhibited a significant increase. The 2 7 2 ratio of ETR/A varied widely with varying C c across four genotypes and two NaCl treatments (Fig. 5 ); 2 7 3 however, the ratio of ETR/(A+R L ) exhibited constant with varying C c . When, C c was lower than 100 2 7 4 µmol mol -1 , the ratio of ETR/A increased fast with decreasing C c . The impact of seven-days of salinity treatment on the relative stomatal (l s ), mesophyll (l m ) and increased dramatically in all four genotypes; however, the L B was relatively small, except in N22.
8 3
Although both the leaf osmotic potential and Na + content varied greatly among genotypes and 2 8 4
NaCl treatments (Fig. S5, Table 2 ), the linear relationships between l s and the leaf osmotic potential 2 8 5
(R 2 =0.48; P=0.033) were found across genotypes and NaCl treatments, but not between I s and the leaf 2 8 6
Na + content (Fig. 7) . Moreover, the negative correlations between the Na + content and g s as well as 2 8 7 transpiration rate (E) were found (Fig. S6 ). Unlike l s , l m linearly correlated with the leaf osmotic 2 8 8 potential (R 2 =0.86; P<0.001) and leaf Na + content (R 2 =0.52; P=0.026). What determines the CO 2 assimilation rate of salt-stressed leaves in rice? 2 9 3
In the present study, we showed that the leaf physiological and biochemical traits of rice were 2 9 4 dramatically affected by soil salinity (Table 1, 2; Fig. 1-3) . After seven days of NaCl treatment, the A 2 9 5 decreased significantly in LYP9, SY63 and TXZ25 but not in N22. Generally, it is assumed that we observed that g s , g m and ETR decreased dramatically in some of the genotypes one day after NaCl 2 9 9 treatment, and multiple leaf parameters involving biochemical and physiological traits were affected in 3 0 0 almost all of the genotypes after seven days of treatment ( Fig. 1) . To quantify the stomatal, mesophyll here. The results highlighted that CO 2 diffusion conductance from the atmosphere to the sites of 3 0 3 carboxylation (g s and g m ) played a key role in limiting A under salt stress ( Fig. 6; Fig. S3 ), whereas 3 0 4
biochemical factors played an important role in limiting A in rice under normal conditions (Fig. S3 C) . except N22 in the current study (Fig. 2) . Indeed, the decline in A that occurred in the salt stressed rice 3 1 0 leaves was closely correlated with the low g s and g m (Fig. S2 ). The contributions of biochemical stress. This might be explained by a lower C c in the current study than in these other studies. In the 3 1 4 current study, the C c in the salt-stressed leaves was typically lower than 100 µmol mol -1 , except in N22 3 1 5 (Table 2) ; however, in the study of Perez-Lopez et al. (2012) the C c was higher than 140 µmol mol -1 . In fact, when the C c is relatively higher (i.e. under normal conditions) biochemical factors were the 3 1 7
predominat photosynthetic limiting factors in rice (Fig. S4) . Our results indicate that the influences of salt stress on protein and Rubisco contents varied 3 1 9 greatly between genotypes (Table 1 ). In fact, the degradation of Rubisco-the most abundant protein-in Although the Rubisco content decreased in N22 and TXZ25, the decline in V cmax in salt-stressed leaves 3 2 5 was relatively small, which supported the hypothesis that Rubisco also plays a role as a storage protein rice, which also supports the idea that biochemical traits may not be the key factor causing decrease A 3 2 9
in salt-stressed leaves (Table 2) . Overall, the results indicate that the reduction of A in salt-stressed rice 3 3 0 leaves was mainly related to the low g s and g m under salt stress. The g s was determined by both stomatal anatomy (i.e., size and density) and opening status decrease the leaf osmotic/water potential, and then provoke stomatal close. Moreover, ionic stress due 3 4 0 to the high leaf-Na + content has been suggested as another factor provoking stomatal closure in Aster 3 4 1 tripolium (Perera et al. 1994) . The regressive analysis showed that stomatal limitation correlated with 3 4 2 leaf osmotic potential but not with leaf Na + content in rice (Fig. 7) . The results suggest that salinity 3 4 3 induced low g s is mainly related to osmotic stress rather than ion stress in rice.
4 4
In general, g m is related to leaf anatomical and biochemical traits under a given measurement providing insights into the impacts of salinity on mesophyll anatomy, AQPs and CA, and thus g m , are 3 7 9
necessary. leaves. We observed a strong decrease in C c in salt-stressed rice leaves except in N22. When A is slightly in salt-stressed leaves, F v /F m was unaffected ( Fig. 4) , which suggests that permanent 3 8 8
photoinhibition was not the key factor in decreasing A, as already observed in previous studies. Ann expression of NtAQP1 in Arabidopsis thaliana reveals a role for this protein in stomatal and mesophyll 
